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ABSTRACT : PROBLEM TO BE SOLVED: To provide a microprocessor provided with a RAM capable 
of reading and writing data with latency being the same degree as that of a cache 
memory. 

SOLUTION: This microprocessor is provided with an-LSU-4 executing aninstruction 
related to load/store. The LSU 4 has a DCACHE temporarily storing read/write data for an 
external memory, a SPRAM 42 used for special uses other than a cache and an address 
generator generating a virtual address for accessing the DCACHE and the SPRAM 42. 
The SPRAM 42 is capable of performing load/store by a pipeline of the LSU 4 and 
performing data transfer with an external memory according to a DMA. Since the LSU4 
can access the SPRAM 42 with almost the same latency as the DCACHE, once data 
stored in the external memory is stored in the SPRAM 42, a processor subsequently 
accesses the SPRAM 42, can perform data processing and can process more mass data 
than the external memory in a short time. 
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(54) [8?3©£»] HZU-fu-tyD- 



(57) [Sift] 

[igjS] ^v^tiJkl^SWWf^-T 
/*h7Kra*t&#^£3Str*"4LSU*flM.i. L 

sua. >ww*yfc»t*ijE»ajL/«a»-f-^ 

£-l$Wi::*&lfrtSDCACHEi: , -7 : yo.\:m<mW£ 
mmz&mtl&SPMMt , DCACHE J ?>SPRAM2r7^-bX-r 
l»^cO{S«7Kl/^5r^-ri.7Kl-X^f|i: £W 
•fS. SPRAMJi, LSUW^77^fy(:J:SD-h'/ 
^ h 7**T«rt\ JMIW * U fc eoff T"D M Afc J: 4 t- 
^teSafiTigT&S. LSUte. DCAOffikliarHtM 
x>v-TSPRAMfc7^-b^-C^Sfc«>. JMMtU fc 

7o-fe y-9-JiSPRAMtC7^-feXLTT-^J!!ia$: 
3 i t . JMBW * U J: •) iflBMBfc***)?- 
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Istmm] o-K/Xh7f8r^£ftfrtSo-rVx 

IJCo - K/x h- 7«*Hfr«fc: J: * 

mmX\ HO . ^t-SP^t t V b (OmX'T- ?£DMA(b 

irect Memory Access) $EjM"rtt&R AM (Random Access 

Memory) Sr^gJtf^ra-fe yif. 

[|***2] l>HBRAM{i. 4«fir<fcfc»l«J:lfl|l2 

MBn- k/x h nsr^nff^fnem i <7)T-m$\ 

AUSJtefrK fro, UEo-H/^hTtfr^lWfaw* 
flijfem 2 (Of-^ LT 77 -bX S-ff o TV > 

&&mz. mi^in^-tmiffl&bmwuxv) 
fliassiiis i t -t&mem i Kfassov^ ? 

[19*53 3 BiERAMfflggN;]:. firfBRAMfcfchrs 

frieo- k/x h T^mnmzj: $>T?*xt dm a 

£ t S «FfSi:f 6iB*fl2 fcffitt*r?>f 7 o/ot y 
If. 

[|f«3i4 ] frieR AM^zm-i ttriEo- k/x k rift 

*ri&3rfW»l'5>x 7 h Z b ZmLb 1 

[IS^3S5] fineRAMte*ttSfi»eo-rVAr-7l& 
^ff»ti*7^-bXi:DMAteSfc<»5ftjfeK*t«l| 
^JiKtfl-astry & z b £ftf8i -f SIS^JS l - 3 

[»*JI6 ] ffffin- K/x YT^Wnmzlhmi 

RAMOTf-tAlZfimf&T-fZ. T^-txmz- 

mizffitrr&zhT^vyTZffilZZbZmkbl- 
msmi-dcD^-ftiMzimwj raro-t-y 

[BMW 7] WERAMKW*«Eo-H/^h7A 
*Hff«fc: .k & 7 7 -trx i: D M AS©* h 
(Ctt. DMA«ja£ft5fel/OrV\ fteLfcWEn-K 
/Xh7^HffSfc«tl.B>rlERAM077-bXtMa 
•f St-7 Sr-flWfcWIBX K7A>y 7 r tcfilfrf* R 

am^w^h* s i t znmb -timxe turn 

imw8] miRAMizT?*zztz>tz*>mmco$s 
^imwxhzbzimb-? zmzm 1 ^iemov-f 

[11**9] «ne»fflo*^o+fctt. weramic** 

MACtS^D'y ^KiHSrff ? tfr^i: <04*5r < t i 



Tn-fc-y^. 

[§&*« i o ] itEo- k/x r- 7<r*3HT«tt, fne 

fc-f 6BWWI8 * fc<4 9 (cfE$0 74 7 nro-b 

B?ien-r-'xh7itffa{i. friBRAMtfriadf^'y^ 

j.**Vb*vmL^l'4Tyi<'-X'T?*Ai-&Zb 

teWkb-rsmai i ~ i oov 7 

[|f$3 1 2 3 frien- K/x K 7#*Hfr*fc J: Sff 
KRAM07?-feX*cH»-f*f*-*£. 77-feXB?fc 

flifBo- K/x h 7^^-H^mc «k SlulB^ ryya^ 
*0<7)77*xi,zfflmt&T-?&. 7? 
Wfcfi««rt4»2^h7A V 7rt. 

[IH&f 1 3] UERAMtffittSfufer-^CWJ&r 
47HPXfr«*WS7Hl/XU^^i:. 
KrtB7KW'XU^X^fcl&tt$ix/S7r-*UXt, X7- 
7^mt : 5rS7KUXt&Jtl2-ri»it«^i:, Srfflli. 
IliERAMtt. BiifEJtKlstciSJtl^StcJtEl:^!)^ 

O-fe-y-*)". 

lawssi 4 ] BtriERAM«. mmsmizxhwm 

*6«-fC . -a Lfc 7 H ^x fc*tK?f* ff 
IBRAMcOr-75:, X5-7S:f§^l,?tX->/xyh 

tisists ^ b mw.b-tm-m 1 3tiea<ov-f^ 

[ff^Jll 5] BtrfB7r-'l^XU>''X7{i, fTIBo-hV 
x h 7fo$iWnW>tfm IBR A M^ct)7 7 -fex *-C'S> S 

WiE7 5 ^flHBK J: 0 frtBo- K/x h r^Uff^ 
!OTERAM^7^HsX«tre<b6i fc % X7 
-7$-^L^x-i/ x yhfc:*fLT1(rlBRAM'\<07 
7-bXS:«±-ri, £ fc *««i:-rilWia 1 4 CIBtttf) 

[ft^fli 6] m.RA\Mfx7.-rwm,^^m 

***5*»S*t7 9^flW8**L. lufBRAM^HlifBx 

8irlBx^-rs-^-ri»HirfBx->-'xyho 
Zh%h79±xz-wbizm±?hzbzmibT-b 

[000 1 ] 

irnxDm-r &m&ftm\ *wm. imr* * u «fc o t 

DSKf- 7 <?5M^» # i^TK* RAM2rl*l^fl)-7>f 
[00023 
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<07 , D'fe7t<0«l'di > ^wa^-vy^a^^USrf*! 
*»4>K*IB Utr-* SrTD-b y *t izfctZ blzi.*)^ 
[0003] 

S'.x^yflHMfc** df-\"yyj.^*Urt 

LfctfoT. gi^T^&T-^flDlfc^-yi'a^ 
* UiTfriJ 5 ^{C^-yi/a'J?-^* 

[0004] 4fc, ^-v-yv-a^^'Jti. 15)-^*'; 

a • t -y h^|6j±LT^a«ia* J nrflgt^-&*<, H- 

O^tUTKU^ [znth 79*. 

«4. ^^ya ■ 5 9. X^'JT^-bXcT) 

[0005] {Utf, H^TCtfOttii^&^tS^^tC 
U\ U>b=5r#£>, M*r-*li» 

[0006] #^14, JJW>l8I»££ilRfc**fcfcfc 

O, *^i^*yt(4»?B^I]ffl^fg$rRAM 
[0007] 

h7^^fg|5(c=tl»T-^O^S#*<Brt§T', *> 
?h§iW •=£ 'J t c^HSJT'T— £ D M A (D i rectMemory 
Access) IsiM' 5 !!^ RAM £fltt * . 
[0008] |f$3 1 nftWX'it. o- K/X h 7Hff 

b<omX'DMAlzj:&T-?&mZ'BimbUct:#>, T 



AX'umtmo-tifmzimmmb ixm^&zbtf 

[0009] mSm2 cr^mX'ii. R AMrtfcW 1 fci 
ira2^7*-*«IA««£BWt&fc*>, -#*)t8*HI« 
£7n-t-y-t#7?-feX£ffoTV^raK. flfc^fglfi 
M$T'D M AgjMSrfr oZbtfX'ZZ. 

[00 1 03 »*fl3 cOXWTIi. n- F/* hT#* 
HffSRt J: I) 7? -tx b D m Afii* t tflte- Lfc*£(c 
14. DMA|g»$fl^3-ii:SJ:3fc:U:fc*>, DMAg 

[00 11] UMBRA rtfflt&i* n-F/*l<T#* 

[ooi2] mmsmpmt. ±&Lt:mj&z® 

[0013] 6*J it^70«W«i» ±3£UcR 
h7A^7T&Kft4fcft, RAM(C7?-fe**TtWr« 

XRAMI,Z7?*Xth-lbtfX'%&. 
[0014] »*3l8<OJ6W«i. ±»LfcRAMt7 

[0015] BfCTI9<?)«W«i. RAMtWUTEif 
8W«*1-*ift*i:, JMM*Ui:«BrrDMAtJ:* 

SMcJniT, RAMfciMMtUfcaWC. To*'? A 

[0016] «#js i owitii .xty wsul— y 

dfcUfcfclb, RAMTf-tZtiiitCDnmzbtc-oX* 
t -y h£7)»^l:ft-P^*^< , RAM7? 

[0017] II^JS 1 1 <7$mX'\i. ^-v y yi^^'J 
iB&$U*M7 l Vi'-?Jd*LfcRAMfc7?-fe*T' 
7D^V{4±^<0RAMfc4f^.yxjL>t 
•J i:«M|t L v^M r y is-X'7? -tzX'Z hZt i mfS 

[0018] W*«l 205HB-Ctt, ±5*LfcRAMffl 
^h7A*77r^, ^•^•yv'a^ ; Eyfflc7)^h7/N'-y 
7 T t<4SHltlS(tl» fctt, ^ h 7A'.y 7 T 

[0019] n^Rl 3c03fcBJlt'{4. RAMK:«||«lS<t 
tzr-fb m%<?)h h 7 F L-X^OJ'h^x- v*x y F <0 
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[0020] i 4«ii, iaLfcttUKSf 
-?<?>mi ■ &m*m,miz?T a £ tars*. 

[0021 ] 1 5<^HJT1i, n- V/X V TiSr 
^Hft R A M £7 9 -tX tf (4X* -7^$-S(t# 

ttsrv* J: a ttJtfcft, 7*7-^ yx v->v*m\X' 
[00223 1 enmxit. x ?-r$m*'€ 

[00 23] 

■fe fcoWC . 0SB£#B3 L^feJlfcWCIW* 
&. 

[00 24] (jSl^atJB»>Hn4*«Wtffi6v 
4 ?nrn-te y*<0-|gi^JitortaWlS£^7n -y 

1 -f^7i-X • JL--y h(Bus I 

nterface Unit) 1 b , To-fe •y9"*^|ff't ( 4 V 
Xh5;y 3 y) C07x-yf- (W9a») I FU 

(Instruction Fetch Unit)2t, iSMT r-'WXj&^ttS 
T H P 7.^(7)^$- -5 MMU (Memory Management Uni 
t)3i, a-F/*h7CHfiI-*-6***!tff**LS 
U(Load Store Unit) 4 D- h TUM^liH* 
SrHfif-T&«a<0Hffi~-y b5a, 5 b, 5ct,i? 
W}>l&&$l$[.ift0 FPU(Floating Point Unit) 6 
a , 6 b t , To-fe •/ ^a^iSiJUPSrfir 3 ff»3tflS(C 

ontrol Logic) IbHSath. 
[0025] I F U 214, ^«#^W)«^HS[jfc* 
ieii^§BTAC^#BSLo-?P C (Program Counter) £4l 
(«-ri,PC-pipe2 It, «^fc-«W(C«Slfrf 4ICACHE 
(Instruction Cache Memory) 2 2 fc, #-fttf>S££W5iJ 

ff&^T— i^y/^dnstruction issue 8; Staging bio 
ck) 2 3 i£?TtS. 

[00 2 6] MMU 3(4. WMTYVXlfih^mTVV 
X/\tf)S3S£fH 3o«0T LB (Translation Lookaside 
Buffer) OS (Operating System) I. ^ 

LBCSSiiifl-CtJ 1 ?. C;rUC»^VvCMMU3(4% 

[00 27] MMU3^3oOTLBIi. JTLBUoint 
Translation Lookaside Buffer) 3 1 b . ITLB(Instruc 
tion Translation Lookaside Buffer) 3 2 i: , DTLB3 3 
(Data Translation Lookaside Buffer) 3 3T'$>£. 



[0028] Jlfx4>30(7)TLBc7)a*,, JTL83 1## 
#tf)TLBT*J>6. JTLB3 ^fi^^SflcDxybU- 
^L, ^/T-*<3»lfcW»*<. ^-iWC(K 

[0 02 9]-^. I TLB 3 2 fcDTLB 3 3 (4. W&LX*? 
4?vTLBtWitL&. ITLB3 2(4i«tf*0<5g,7FU 
X0if-9^X (Datapath) \ZW&&W% tl h *fflC0T L 
BT'JiO, DTLB 3 3 (4r- 9 CO&MT H VXOiT—9^ 
XlZWmWtZtlhMftnTLKX'bh. .Ifl^TLB 
(4, xyr-y-8W44-&vv#, W»fc7Kl'XS«*fT 
0. JTLB3 l#±j£l*:^T-7Vl^-&a 5 , 
ffitriTLB3 243tttOTLB3 3fcCi8S*lft. 

[0 0 30] irl<o3O<0TLB(4. W£tf V7 r-»>X 
7fcJ:oT*W3*l*. 7o-fe-y9-(4, JTLB3 lfcXM 

-^imLiUL. JTLB3 lC3H«r-7;H OOOflHR 

[003 1 ] LSU4(4, jrWH^tUKSttia^ajL 
/*#2=^T-^^-8#W(CtS^-tl>DCACHE(Data Cach 
e Memory) 4 1 fc . v ^ *&ill0Mffic!MlZ&J8 
SftSSPRAMfScratch Pad RAM) Alt-. DCACHE4 W 
RAM4 2 £77* X-tht&xm&T F UXZ^MtZ, 
7r i l'X±$f§(Virtual Address Computation) 4 3 b 

[0032] SSW!&iIgB7(4, rot >y iMM^Wff £ 
frV\ *0rt«fc:fc^SPUS/X*(Gmtn>l Register) 7 

im.v buz. 

[00333 II 1 OV>f j? nrn-t •y^KffS: 
IMUCRBrf*. 4-f. PC-pipe 2 l-C4jfiS*Ut PC 
(Program Counter) (Cg-?l vr\ I F U 2 (4#^c7) 7 x 

[0 0 34] ITLB3 2(4, PC£<g&7 KU^^a 
7FV*(C3fflW*. WI7HUXU. ICACHE2 2rtc7) 
ITAGtfctfS^tflJfflSiX, P C(7)%ilK-?fii$mc 
ACHE2 2F*l(C1ftttl.*^5:P / <.l). PCcO^L^f 
<HW«ICACHE2 2rtt:»4U*V^ (^fya • 5 
X<0t*> W4, «ffl7KU*teJoTJraiitoiMM 

[00353 m*Wt(4, df^«y>-a$X-rSt, ICAC 
HE 2 2 *W»t4 I F U 2 ^MWHia^4> B I U 1 0) 
ttmnsmmzK LX , ^ a- y v * 5 ^iS^ Z b 
tflHBfc. 7^-bX*ffd^&««i7HU^fll«i:* t » 

$fis. b i u 1 (4, ^ti^cofflffita^^r^a^t 
-vis*. - ?4 y<mmmh->tz^cr>m^b z i f u 2 

fcflfe^S. IFU2(4, T^-feXL/tr-^SrlCACHE 
2 2K»>atr. |B1B$(C, U7^^$flf,:=¥A"y>-a7 
^yoa*>, PCcoJILS-r^t, *&(c:J:-5T(4, 
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[00 3 6]-^, PCc7)^t^t-^^ICACHE2 2rt 
tfi=fiE-r&«^Ctt. KS-t4ICACHE2 2l«iOfS»*k. 
4 ^> T (4 P C cofl U*-*-*4M>ttfc8 < v * < o*> 

[0037] ^Iff&Xf-y>'^2 3(4. 

f£. #^ff&^f-y^/SI!2 3(4. #^fj.^-/h 

[0038] HAtf . flSi|S^^* { D- Y/XYT 
ffHW)*§£C(4. «T'§4Hfi : J---/h{±LSU4^ 
tt$tf>T, LSU4fcifr^££teT'£ £«©(;:$:££. 

a. 

[ 0 0 3 9 ] &(;:. SPRAM 4 2 fc*t LTO- F/X hT 
Z'fi0i3r&OW)ttt:mW-t&. 02(4, 01OLSU4 
rttW>HWIMiS t 0 . SPRAM 4 2 CH 

«W Stfft&MfMKGantrol) 8 k r-?A* (Datapat 

[0040] 02<?)$iJffllS8(4. #^tf)8Hit:jBtT, 

(4. «!«Pjfi8^4>OiS!l^#C«^^TT--^*SSLT 

[0 04 1] H2(C*»Wt, fMffl^8kT-?AXfc£ 

2 Ttt** LT V > « tf. r- * 6 #J»£ 8 

£*i£MMt9t>#£i-*. mar, icache2 2*<sx 

-SfC&SICACHE2 2<7)TAG*^$Xffi"t* { »JfflIS8 
KtftteSivt am 7*7^ yjaa$rffih$-tl». 
[0042] H2tC*$WC, ft-tlOa-lO jT'^t 

7(4. mm&Zlt, 7'J -y 7*7 0 -yT^ 7 •xf-Clil£$ 

x?tn&. 

[0043] IFU2(4. I FUiN«t&«SB8 1(IFU C 
ontrol)CD$IJfflI£g(fC. 7i 7f>&flfc#**'t<f 7" 

vAyvvxtio^zmrth* ti^wuTyjy 

WX9 1 0 a^^^^-T'n— ^(Instruction Decode 
r)8 2(ciS4>il&. i^f3-^8 2tli. *^<oaW0 

fflflWr*JllWi^*4rtW-48*Ji, tfr^T3-/8 2T 
7-D-tr v-tOT^Ttf)*!*®-**^*^ 4^)»4*W*J J: 
WtKWfc'Rrafi^fcAT* "J . ffirfr? 3-/8 2 (4, 



[0044] 7x-y?-$ft£l(H^ { n-F/XFTi8MJ- 
k **#*?3-/8 2 "C#*»->fc*&fc:li. IN 

flPft-tsa*. re^-r-g»«fjfflnsssEtciM^>ix-s . mmz 
(4, rawi-twa, E2^AMr7^^i«t&aa5(p 

ipeline Control)8 3. G P RfNfflH&SSB (General Pur 
pose Register Control) 84. fc4tf LSUiNSMiSgfl 
(LSU Control) 8 5KS*£>*U>. 
[ 0 0 4 5 ] AM >"SNffll!UI8ff8 3 k L SUfNfP 

T-^A-^cO^CAMr^-f >l^>*7.:? 10a-10 

[004 6] AM 754* >iNfflliHia58 3(4. AM75 
4>\siSZ?10<n$M<7W8ll l zmtT. iMTvAV 

-F#±tfc%£t(4. am 754* y*&±?&%t'?> 

[0047] LSU(MffftfIJff8 5ii. o-F/*b7 

GPRMfflmm&84<7)mwt,z£>oui;z?7T4 

/H l*^AMT5-f yi/^'x^ 1 0to*£>iutr-:? 

{4. 7Fi^£j^4 3KiS&*iT7Fi'*a t £j£S*i 

6fcJ:9l!*S*u 7FU*4ySS4 3fcJ:'j±j£$*i 
fc7FK*(4, >Ui?X? 1 0fci£4> 

ill.. 

[0048] RAMIM»«fc«i6f4 S P Rfi|ff§tfl» 
(SPRAM Control) 8 7(4, AM TyA V VmW&% 8 3 
fc L S UMMtfltf8 5*»4»*>»9$»1T , SPRAM 4 
2^0T^-feX5-fif-5. -toil. AM 7*7 4 
lO+^THUX^teffl-f*. d^Th'U-X^D-K^ 
❖"C*ftk*(i, y-H • 'f*-7';Wi^-SrWcL, 
vAY • A *-7)tfE^*mmzt&. -5-LT. SPRAM 
4 2*»4>f r -^*B8*aJU, AM 7*7^ yi^'X^l 0 

X^7T'f/H l(C»#MSfLS. 
[0049] — Avf 7 '7'f yi/y'A? 1 0+«TK 
l^X^T. h 7#*7* 4 fc #»4. U - H • A *-7lVm 

*&%mizi. yAb ■ A*-7)\Amttmz?h. 

r-^^SPRAM4 2 

[0050] — Ta-b-y-tfJ'h^D MA (Direct Memo 
ry Access) rjy ha- 7 9 (4. ?(-l$A'^. 
5r^LT7-a-fe-yHf(*lg?c7)B I UfffflH«lff(BIU Contr 
ol)8 7fc^$nTO&. DMA3yh 0-79*58 

i vmmm^8 8^zmmm^m^xDMAmmm 

mi l . B I U»]fflH&Sg|58 8(4S P RMIWMSgCS 
7(Cf|^S:j*-pTSPRAM4 2S-y-r--/7'f h$^4. 
t«*>t>. SPR*!«lt&3*8 7tt, B I U0jfflliiagi5 
88$r^LT^«WCDMA3>-hD-7 9kt,^$ 
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[005 1] SPRAM4 2 fcStf h 7 9 -bX^Stf L S U 
4 1 B I U 1 2 (B I Ul 2*^c7)T^-bXg*(i7C{i 
DMA3yhn-79*^Ot<0t-J>|.) 

^{c^^n^^^i. s p Rmmmmm i tm%* 

[0 0 5 23 ffl*.tf. LSU4tBIU12t;il.SPRA 
X'^rfU^ Vx 9 7 1 Zfflfo I s Z ffWMV VX 9 7 

i^zmmmztotxrvr^rMzmcs-tiri 

[ 0 0 5 3 3 SPRAM4 2^WfcttJfl2riSfc:o 
^xmWtZ. 03liSPRAM4 2tB&T-:? J W ^ 

h 7 9 is a y^MTjmizm^mim^m^ ttzm 

X'f)*). OT. >TC0HS:ffl^TSPRAM4 2c7)il^iKBH 
ITS. 

[ 0 0 5 4 3 (1) ft. 113 ( a ) 3 fc. SPRAM 

A2n<7)®*ftwm<?>wm<z, dmak^cj:o. ^as 

[0055] {2)mz. 03(b) CSrfJ: 3 fc. SPRAM 
4 2tclMftU:^-**n- OWBU^^ 

0SPRAM4 2tBf f tS^-tl>. R^fK. SPRAM4 2l*Jtf)ffe 

[0056] wmz. 03(c) {c^ti ? ic. am 
mmz. spm4 2mmmjmm<m®izmiLt: 

T-*£LSU4TflllI*!lSU ito. SPRAM4 2PV) 

^gj£tf>*$fcfl-gM * u omm- 9 zmttz. 

[00 5 7] ZVXolZ. 0KOSPRAM4 2(i. LSU 
4<r)J^Ty4y\,zkhu-Y/xvriMmX\ 

ttiib. mmr-9^ >xh7?i'3>cr)i.ol l z±M. 

coT-?*(imz%mi-z>i®^zmzmLx^z>. 

hh. SPRAM42li, m%.T—?*?4>XY7?i'aV 

m<r>±%.nT-9*ru±vvx^\&m?hmz. - 
&tW£**. ■ n*t mm (mmn) t Lxm^&wz 

[0 0 58] &tz. LSU4ti, DCACHE4 1 bifflffll 
l/'ffVy- (X^OTf-tXlZg-fZ) isXTJ*?Vv 

9m •espRAM4 2tr^-fexT'^i.7ttf). 

IZffihZtlX^&T—?*. V>o^SPRAM4 2tfg*|>j 
•ftHf, Zcr>m. 7'o-fey^(i;SPRAM4 2lZ79-tXL 



•tx-rs i. *) i>ffl%mz±&<7)T-? *im+ s z t a* 

X'*h. 

[ 0 0 5 9 ] ifc. #HSSJ&<ii7)SPRAM4 2tt. ttSW 
^'JtOr-^^OKO^DMAS-fflV^I./^, 7*0 

[0060] ifc. *Hte»S<0SPRAM4 2ti, ? 
DTO-fe -y "9-<7)3 7gS#T'£> & L S U 4 *f O^Uffi- 

mj}t><mx'£&. 

[006 1 3 01-CJi. LSU4l*lfcSPRAM4 2fcDCACH 
E4 1 0>mti*RttlM$miLt:tf. DCACHE4 1 *«■ 
BSLTti^. 04JiDCACHE4 1 tJ$7t=5rV^^<OSPRA 
M4 2jgaoHIS&0-Cj)l). 0^O J; d SPRAM 4 2 
(is ^N'Xp^Srlf^ B I U (Bus Interface Unit) 1 2t 

[0062] -U. 0 5 «iSPRAM4 2 1 DCHACHEc?)5$Wr£ 
^%&c7)SPRAM4 2Jfac7)Hlif&0T'$)S„ B I U 1 2 
ttt, SPRAM4 2 t , DCACHE4 1 1 , DC ACHE 4 lfflc^T 
AG4 4fc*^SflTV>S. DCACHE4 Hi. 

4>#l, TAG4 4{is DCACHE4 HCtSWS#l*r-^0 
[006 3] 05^-f J:o(C, SPRAM 4 2 fcDCACHE4 

KOJSOSrtKftSCfctJ: 1 ). iift^^e *)79^xnz 
(iDCACHE4 1 iffc\ W&T-ftcZvyKSLnr-?* 

jDlMa-r^*S* J J)S^-WiSPRAM4 2 SfflV^S k 
J: P (C, JQiSCi -OTSPRAM4 2 1 DCACHE4 1 SrtJJ 
'OWllZtlzX'O. ^rA^O«Sttfigt|6l±T' 

[00643 06 {i7'o-fe -yy-fiO&mf a- <y h ( 0 
6T{iCPUT^-feXi:^) fciST^-bXtDMA 

-h(0SPRAM4 2cO%^. ra-tyifrtcO^llfiJ.^-/ 
hlZlZ7?*XbDM AHMbtfmS Lfc«^«Ctt. 

ffi*«SW>4>*l6. «ftW('(i. 7Q/77I1 1«g<0* 
fflmUiSX?7 l|*)<?)t'-y hffitS5feJIfi 

[ 0 0 6 5 3 0 6 liA'X ^ D v 9 9>WmWrxi*z -y - t 
Wi/AfA^n -y ^<O^<O^^jR»0iJSr^ LTfc 0 . 
DMAtfM&WavflzmmiX'ftb 

ix. z<?>£mz&mft3---v hizx&rr-txmhti. 

•y h fftimtfix } — ;PL : 5r< : 5r4. 
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COO 66] ZCDXolZ. ToHr-y^rteollfi^- yh 
(miH. LSV4W754y) fc: < }:6SPRAM4 2 
<D7?-tXiiI)MA&m<7>&mzfibtl?>tztt). LSU 

42(,Z77-tXl£ : jb Lfc*§£fctt» 

[0067] 117 J: at, S S B (SPR 

AH Store Buffer) 4 5£t&(tS,I it! 0. Xh-;^ 

>'* 5 »f-ri»SPRAM^co^ hr^fr-I^Wfc^? 
*U>. 07tiDCACHE4 1 Sr^7t=5r^^-£7)SSB4 5c7) 
8$IKIffi£^-t0. 08iiSPRAM4 2tDCACHE4 l(OM 
■fttfgMOX V 7 a* y 7 r 4 6 £ *-f-|> 0>l$r iiWC$> 
09(i. SPRAM4 2K$ffltf)SSB4 5i:, D 
CACHE 4 1 C#ffl<D7. 1- •/ 7 r 4 7 1 £f£ 

[0 0 68] 07~~09O<fc3l;:. SS B4 5££«;i7. 
h7A' 7 7r46. 4 7Sr^{tl,ifctJ;'9. LSU4 

•ftcfr-h. S PRAM 4 2tCyttSHfi : i--y \>t,Z*Z>77 
JzXtDMAm&ttfWi-SlfcW&lZii. HficL-yb 
<0r-^«i. DMAte^WT2.*T\ SSB4 5£ 
!t«iXhTA'-y7T4 6, 4 7t^§fl, <?-<y)HL A* 

[0069] 08CDJ: SPRAM4 2 iDCACHE 
4 1 tXh7A* 7 7 r 4 6 $T£Wf SPRAM 
4 2 1 DCACHE4 1 ^W>>£iiiR^I>>iiR@&a { ^ 
£2r * fc*> s II 9 J; 0 t X h 7 A' -y 7 r 4 6 <7>ftJS;#?g 
WlzKl. 

[OO7O]01Ot±, SSB4 5£fi!;t*:-?-f?D7* 
n-fc-yWCii^T, 7*D-fe-ylM*I^llfi : J---y hlzil 
77-bZtDMMz£&7?-tXtfm-£Uzifr&<?>?4 

[007 1] mUi. B^JTl<Oi#KDMA!|g&i;li 
ffa-.y hPipe A<7)7^-feX*<M-&Uc^C(i. DM 
AffiStf&ftlXmftZtl. HffJ---y hPipe A*><^ 
f-^Dl(i^USSB4 5Ct^^S. -eo 
ft. ^JT 2 1& 3 1 . SSB45 Hrfgfft$ *VC V ^£ H 
ffo.- y hPipe kcr)9m^Wn^iXh 1 1 fcfc, 
7.L«J:ot tJtHfifi--y r-Pipe BcOr-^D 2liS S 
B4 5Kf8tt§fll>. 

[0072] *Ofg, B#MT 3 fcCr* fc . D M A$g}M# 
ftftLTftrrSftl-. vIO^TIi, SSB4 50F*|g& 
fcte-f T-KUffo-X.y h-Pipe B<7)r-^D 2#*&irt$it 
■Ov6fc#>, 7^-fe7.LJ:o i: L^Uff^- y hPipe C 

[0073] *<7)flL BM!|T4lC$t2:. SSB4 5(C 
tStt$^TV^Hffi--ybPipe Bc^Bltfllfi^i-u 
|3IB$C Xh-zULTV^Uffi- yhPipe C^r-? 



D 3 ifi S S B 4 5 C <g ^ $ it h . 
[0074] 01 l«SPRAM4 2c07-f 

^•ff^iyymx'hh. manioc yxfA^o 

•y^CLK(02^D-y^ri:tDMA7'f btf'fihtl 
h. CPUA'XCIiyXfA;D'y?CLKc02?O7 

[007 5] 01 2«iSPRAM4 2(7)';-K^-< S 

>?*7Ff?4 iy^mx-foh. m^xdiz. ^xf 

A? o y ? C L K02 ? n -y ? r 1 1 D M A >J - r-'tfff 
&ft.l><, SPRAM4 2# , <?{i. -/XfA^O 7 yCLK(0 
l?Oy?#<y*g$^T-?*Wj$*U CPUA'XK 
(iv7.r^ ? O y ? C L Ktf) 2 ? D y (Dt~ 

[0076] bZbX\ SPRAM4 2S-7^-feX-ri.^C 
(i, m<Dci-\</xh7tii$Zm^±olzlx{>i; 

SPRAM4 2 £77-tX tl>£^$ffl<7>t»tf*£ffl 
StTt«t^, ^Oio^#fflO^cO01Jt LT(i. SP 
RAM >T -/7X- n-Kf-?^, SPRAM yf'y? 
X ■XhT^ SPRAM--f y-fy^X ■ Xh7 ■ A S- 
T^X-hr-*^ SPRAM4 2^yo-y^K)*^ 
SPRAM4 2A>^>(!0yn-y^|5jS^^fcWi.^^ 

*. c*i^«***96fTS<iA:*&K:{i, MMU3<7)$iJ 
•PfcflBfeLTUfft* J: o (C-Witf. SPRAM 4 2^c7)iS 

[0077] SPRAM 4 2ffl*5»ffltfD#*£ttft* £ fcfc 
J: 1 ), rn/^tli SPRAM4 2 ££K<CJSlS-C¥li(C 

[0078] (»2<&ieN0B!B) m*5j:tf*2tf538ifc 
»BTCtt, SPRAM 4 2*U7-7(snoop)»|g^^^V^ 
MSKWLfc**, SPRAM4 2tXJf-7 , «flgSr^-t-C 
tJ;V\ X7-7fc{i, SPRAM4 2^DCACHE4 

i *«w«w * ] j iztmztih^mr-? zmix 

* { #tt-y-f s SPRAM 4 2^DCACHE4 iWVmLX^&Z 
kififoMzfrX'hh. 

[0079101 3ttXjT-7ltffi*#t&SPRAM4 2 
<9/fj&0S&0-C*-g). 0*^J:3t. rHUXUy'x^ 
48 1. 7Hl/xa>';'?l/-^4 9k.tfffifi:l l zmVoti 
h. 7r-'l^XPvX^4 8«iSPRAM4 2«0TAGfc 
MZl. SPRAM4 2<,ZftmtlX^h7-fcr>7\<l/X 
Zt'tfmiZtlh. Z^7¥UXU ; JX^4 8ii. SPRA 
M4 2 # n fiOX y r- 'J -fc^SJ $ tlT V H^IC tt . 
X.yhV-Wm.tttSmifiitlh. 7YVXV J JX94 

[0080] 01 ST'tt^BSLT^S**. 7Hl^Xl^y' 
x?4 8K*£&^£ff5¥«*i!t : 5r.2>. ^co^S 
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MWmzii, Tu?y~?i)K ^Th'l/ 
X^^fhZtX\ TVUXUisX? 4 8KS£j£* 
Z'fto. *4HU:. DMA^.J:')SPRAM4 2tCT-^5r 

YVXVi/XfASlZ^-v h LT€>«fcVv. 

[008 1] 01 3^)7Vl-Xaynu-^4 9(i. B 

I U 1 2Z1tlX7} : UX/T-fJ<XtmmiXXt5 

*), r Ki/xi/^^4 8t:-t7 hZixx^&rvi-x 

XZ-7im$LfzX.-i;x>bfrbj%C>tltz7V 
isXtZHMl. it«U^l:li, x?-7- 
t-v\-t¥m$b. x?-7- t vbotZlzb'coXd 
KMftVftoMt, isXT-J±(r>mmz£*)Wj:h. 
[00 82] mm. XZ-y-tvhVbZlZ, BI 
U HiCPUCO^xmim^lX . SPRAM4 2ft<Ot -y 
hltz^yhV-VT-fZCPV^Xlzmx-tiit. h 

[00833 v^£^£^Xf-A:£frc^X7 

-7-b 7 ms^im^ lt. mumToa) . (2)# 

[0084] (l)X7-rSr^fi : U/iX-^xyh^'SPR 
AM4 2*^T-^5-S(tUS. 

[008 5] (Z^-TfcylffLfcX-xxyMi, S 
PRAM4 2 *<t-? £ i£l> Z t tfX't hkotthtX-ft 

[0086] (2)<9i§£\ TYVXVi/X? A%\,Z \ t' 
•y h#c07 5/£iMnU 7*n-fe -ytrt^llff ^ >y h 
*>'SPRAM4 2£ffifflLT^&%£t'£c7)75:/£-^y h 
-fS. 77^11 B IU1 2(,Z%;WiZtlXii r ). mfiz- 
-7h fr^Cytis^X'* v V/ »J -fe -y h $ *X|> „ 75 
-b yhSixT^SBIi, SPRAM4 21CX7-T ■ b 7 h 
■tit. xz-TZmiKJi-itxyhltWtittBtz 

[0 087] Z.(r>£ol,Z, SPRAM4 2£X*-7m£ 
SPRAM4 2tfStt§tlTV^r-^S:^{iJ-rc:i:^-C 

£6. Lt^t, Tnyy&mimmzzz. 

[0088] 

tllf . a- K/X h TUff g|HC «J:£r— ? <0gt*ff £ # 
5. 

[00 89] tti. ftS^-fe-y b£#07"0-te-y-t£ 

■Sft^f*«*i:l/CJii^*.:i:a t 'rS*. ££T, R 
AMPVe£j$Sfi£ *4 T -f 7V>fft^-te -y h - H 



ti. TD-fe y9-<7)tttgr6]±c7)7trtlCRAMF*IT'XT'f -y 
y**-W>y-K • T7?- • 7-f M$0Vv<r-F£JW 
S. 

[0090] it:. XYT*-/? rtmihctlzX 
0, D-H/Xhr^HffgPK<J:l.7^-feXi;DIVIA 
CiSi: jWK£Lfc*£Yfc . *M yx h-/kWB 

[EliBO«J|fc0rRW] 

[01] "?-f 7 o/Dt -ytO-^m^ 

[ 0 2 ] 0 1 CO L S U AflkOHKfll A^B^ tX'0. 
[03 ] SPRAMSrBflJf-^OjDUIHKCffl^iWtlR 
SCWK^Lfc0. 

[04 ] DCACHE$-^ : &O^C7)SPRAMigfflcy)|n]SS0. 
[05 ] SPRAHtDCACHEcO^SrfifO^WSPRAMjf ffltfO 

0J80. 

[06] ru*v*rft<7)&$m3-- vVi l zi.hT?*x 

i: DM AS£i*fc * 5 M£ Lfc*£tf>«WS:ijt*7" 4 5 VT' 
0. 

[07] DttOT«r«rfc*Vt§^)SSB<0»8WaS* 
1-0. 

[08 ] SPRAMfc DCACHE^^T^jl^X h7A' 7 7 r 

[09] SPRAMl£ffl<7} S S B t DCACHEWJ8<97. b 7 A "/ 

[010] 7 , D-lr y-9-|*I(0#||fi : i-.yhtiJ;ST^-b 
XtDMAlgiMi^^L^^^Ma^t^'f S> 
/0. 

[011] SPRAM<y)7^ h^-f $.y?i:7F?94 SV/ 
0. 

[01 2] SPRAMO'J-F^>f Sy^Sr^^'f 
0. 

[013] Xjf-7°«#g^*-ti.SPRAM|gffl<7)|lIlf&0. 
[fiF-^lfcHJi] 

1 B I U 

2 I FU 

3 MMU 

4 LSU 

5a, 5b, 5c HffJL--yh 
6a, 6b, 6c FPU 
7 fatsos! 
2 1 PC-pipe 
2 2 I CACHE 

2 3 $S$Wi8iXT- : Jy?%i 
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3 1 JTLB 

3 2 I TLB 

3 3 DTLB 

4 1 f-^-^'^i 



4 2 SPRAM 

44 f-^yyjL-^/ 

45 SSB 

4 6, 4 7 Xh7A' 7 7r 



[HI] 



[04] 




[127] 



[02] 



f-*^ 



■«»*- 




?-9. 



SSB -45 



SPRAM 



DMAf-f 



— 42 



BIU 



t-9 



--12 



[06] 



II 01 



CPU 



i ■ „„„ . ■ r . „ ,DMA7^W, PIPEADMA7*** PIPE BiDMAW* PIPE C 

DMA7*** CPU7**a DMA7*** CPU7*** CLK pipb a 79*s* PIPE C 7£W J PIPED " 



SSB<=D1 PIPE B 
| |SSB<-D2 
Tl T2 T3 



SSB< 
T4 T5 



T8 



PIPE D 
SS8<-IM 
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[03] 



[05] 



(a) 



42- 




7rux/7-9/<Z | 


j . 




r 











DMA?-? 



V7 4 *7Kl/* 



7KUX/7-*/U 



(C) 



-tSPHA M 



J- 



LSU -4 



^ffly^'J 



[H8] 




LS/W7>6>©7KV:* 



*y*7KU* 



7KUX/?-*/tX 



[01 13 



112] 



CLK 
SPRAMv^ 




SPRAM DMA^^h 94% V9 



SPRAMDMA'J-K^-f^y^ 
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[B9] 



7-9 



SSB J ~45 [ ^h7M 7 77 •{ — 47 

7 
•9 

L 



SPRAM 



DMA?-* 



42 



41 



9-9 
©CACHE) 



*)7<f*?-9 



BIU 



[HI 3] 



44 



9-9 
9? 

(DTAC) 



»J7< *7KW* 



12 




1 



mmmt rt » a 

•tf. yyny. 1060. h-v 



Hf> 'jyrjy. if-?/k 1060. h-x 



